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AERONUTRON I C  D I V I S I O N  

LUNAR SEISMOMETER CAPSULE SUBSYSTEM FOR RANGER 

1. SUMWRY 

During t h i s  r e p o r t i n g  p e r i o d  a l l  e n g i n e e r i n g  e f f o r t  d i r e c t e d  
a t  improvement and m o d i f i c a t i o n  of  t h e  l u n a r  c a p s u l e  s y s t e m  was completed.  
All p r o j e c t s  were concluded . C E . S ' ; ~ . L :  lg and a l l  s i g n i f i c a n t  t e c h n i c a l  goals 
were a c h i e v e d .  

S u r v e i l l a n c c  f i r i n g s  on major ordnance i tems were completed,  
and p r e d i c t e d  perfermance was v e r i f i e d .  A s i g n i f i c a n t  s q u i b  s w i t c h  
f a i l u r e  a f t e r  s t e r i l i z a t i o n  was d i s c o v e r e d ;  major  rework of p a r t i a l l y  
assembled c a p s u l e s  was n e c e s s i t a t e d ,  and was accomplished w i t h o u t  
p r e d i c t a h l e  compromise of  r e l i a b i l i t y  o r  s e r i o u s  d e l a y  i n  d e l i v e r y .  

A l l  f l i g h t  hardware was completed and  d e l i v e r e d  t o  AMR on 
s c h e d u l e .  F l i g h t  assembly and checkout  o p e r a t i o n s  were t r o u b l e - f r e e ,  
and were completed c o n f o r t a b l y  w i t h i n  s p a c e c r a f t  s c h e d u l e  p a r a m e t e r s .  
M o d i f i c a t i o n  of c a p s u l e  i n s t a l l a t i o n  t e c h n i q u e s  minimized p o t e n t i a l  R F I  
p rob lems ,  and no s i g n i f i c a n t  d i f f i c u l t i e s  were e x p e r i e n c e d .  

~ /----- 

_I 

2 .  ENGINEERING AND TEST EFFORT 

a .  Power and Sequencing Assembly 

F a b r i c d t i o l l  slid t e s t  of  t he  power and sequenc ing  assembly was 
c , w p l e t c d  duri i ig  t h i s  r e p o r t i n g  p e r i o d .  The power and sequenc ing  
assembly i n c o r p o r a t e d  a l l  o f  t h e  e n g i n e e r i n g  changes d i s c u s s e d  i n  
p r t v i o u s  bi-monthly p r o g r e s s  r e p o r t s .  
a s sembly  ( l e s s  b a t t e r y )  i s  shown i n  F i g u r c  1. 

The new power and sequenc ing  

' 0  -1- 
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AERONUTRON IC D I V  I S I  O M  

During d e s i g n  p roof  t e s t i n g  of  t h e  power and sequenc ing  assembly 
i t  was d i s c o v e r e d  t h a t  t h e  s t e r i l i z e d  s q u i b  s w i t c h e s  d i d  n o t  f u n c t i o n .  
Consequent ly  t h e  d e s i g n  was m o d i f i e d  t o  i n c o r p o r a t e  u n s t e r i l i z e d  s q u i b  
s w i t c h e s .  A s  a n  a d d i t i o n a l  p r e c a u t i o n ,  t h e  s q u i b  s w i t c h  e n c a p s u l a t i n g  
compound, which c u r e s  a t  185'F f o r  1 2  h o u r s ,  was changed t o  a compound 
which c u r e s  a t  room t e m p e r a t u r e .  The same s q u i b  s w i t c h e s  are a l a 0  used 
i n  t h e  s u r v i v a l  c a p s u l e .  H o d i f i c a t i o n  of t h e  c a p s u l e  t h a t  r e s u l r e d  from 
t h e  f a i l u r e  of t h e s e  s w i t c h e s  i s  d i s c u s s e d  e l s e w h e r e  i n  t h i s  r e p o r t .  

A second p o t e n t i a l  problem w i t h  t h e  new power and sequenc ing  
assembly was t h e  r e l i a b l e  f u n c t i o n i n g  of t h e  l i m i t i n g  r e s i s t o r s  t h a t  a r e  
i n  s e r i e s  w i t h  t h e  ordnance s q u i b s  During t e s t  i t  w a s  de te rmined  t h a t  
t h e  r e s i s t o r s  used d i d  n o t  r e l i a b l y  open when connec ted  t o  a dead s h o r t .  
A s  a consequence,  s p e c i a l  l i m i t i n g  r e s i s t o r s  i n c o r p o r a t i n g  a c a l i b r a t e d  
l e n g t h  of  ni-chrome wire  were f a b r i c a t e d  f o r  t h i s  a p p l i c a t i o n .  A l o t  of  
t h e s e  s p e c i a l  r e s i s t o r s w e  q u a l i f i e d  p r i o r  t o  i n c o r p o r a t i o n  i n  t h e  
d e s i g n  proof  t e s t  and f l i g h t  power and sequenc ing  a s s e m b l i e s .  I t  was 
de t e rmined  t h a t  t h e  s p e c i a l  r e s i s t o r s  would f u z e  i n  60 t o  70 m i l l i s e c o n d s  
when loaded w i t h  a dead s h o r t  and t h a t  t h e  f u z e  c h a r a c t e r i s t i c s  were 
w i t h i n  t h e  systeni r e q u i r e m e n t s .  A more complete  d i s c u s s i o n  of t h e  
performance and q u a l i f i c a t i o n  t e s t  o f  t h e s e  r e s i s t o r s  i s  i n c l u d e d  i n  
r e p o r t  SCPT-45. 

W i t l i  t h e  m o d i f i c a t i o n s  d i s c u s s e d  above ,  t h e  power and sequenc ing  
assembly passed  a l l  d e s i g n  proof  t e s t  and performance r e q u i r e m e n t s .  No 
d i f f i c u l t i e s  were e x p e r i e n c e d  i n  e i t h e r  mechanical  o r  e l e c t r i c a l  i n t e r f a c e s  
i n  s y s t e m  as sembly .  

b Rctromotors  

The r e t r o m o t o r s  t o  be used f o r  t h e  RA-5 f l i g h t  were manufactured 
i n  November 1961.  Performance d a t a  on which t h e  f l i g h t  pa rame te r s  a r e  based 
were o b t a i n e d  d u r i n g  q u a l i f i c a t i o n  f i r i n g s  s h o r t l y  a f t e r  t h e  motors were 
manufac tu red  1'0 d e t e r m i n e  t h e  e f f e c t s  of t h e  a p p r o x i m a t e l y  n i n e  months ' 
a g i n g  t h a t  t h e  motors have e x p e r i e n c e d ,  t h r e e  r e t r o m o t o r s  were f i r e d  a t  
t h e  AEDC a l t i t u d e  f a c i l i t y ,  and t h e  s i g n i f i c a n t  performance p a r a m e t e r s  
r e c h e c k e d .  F i n a l  a n a l y s i s  o f  t h e  r e s u l t i n g  dd ta  h a s  n o t  been completed,  
From t h e  qu ick - look  d a t a  i t  a p p e a r s  t h a t  t h e  mean performance l e v e l  of t h e  
t h r e e  moto r s  d i f f e r e d  f r o m  t h e  p r e v i o u s l y  e s t a b l i s h e d  mean performance by 
0.05 p e r c e n t .  Maximum d e v i a t i o n  from t h e  mean f o r  t h e s e  three motors  was 
0.13 p e r c e n t .  The s q u i b  c h a r a c t e r i s t i c s  and t h e  t o t a l  bu rn  t i m e  were normal .  
'Ihese v d u e s a r e  e s s e n t i a l l y  w i t h i n  t h e  measurement a c c u r a c y  of the t e s t  s e t u p  
u s e d .  I t  i s  conc luded ,  t h e r e f o r e ,  t h a t  any e f f e c t s  of a g i n g  w i l l  no t  
s i g n i i i c a n t l y  a f f e c t  t h e  motor performance f o r  t h e  RA-5 f l i g h t ,  s o  t h e  
p r e v i o u s l y  e s t a b l i s h e d  performance parameters  have been used .  

- 3-  
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On one o f  t h e  mot0 s t e s t e d  a s m a l l  c r a c k  appeared a t  t h e  e x i t  
of  t h e  n o z z l e .  No a p p a r e n t  e f f e c t  on t h e  motor performance was n o t e d ,  
a l t h o u g h  i t  a p p e a r s  t h a t  t h i s  c r ack  r e s u l t e d  from a p i n h o l e  bu rn - th rough .  
The p r e c i s e  c a u s e  m u s t  a w a i t  a v a i l a b i l i t y  and s t u d y  of  t h e  h igh - speed  
movies t h a t  were made d u r i n g  t h e  t e s t .  

P r i o r  t o  f i r i n g  t h e  r e t r m o t c r s ,  t es t s  o f  t h e  throat p l u g  load- 
d e f l e c t i n g  c h a r a c t e r i s t i c s  were conduc ted .  
a r e  r e q u i r e d  t o  s u p p o r t  t he  s p i n  motor d u r i n g  t h e  Ranger f l i g h t  m i s s i o n s .  
Combined v i b r a t i o n  l o a d s  and i n t e r n a l  p r e s s u r e  l o a d s  a t  ambient  vacuum 
may a p p l y  a s  much a s  150 pounds'  f o r c e  t o  t h e  p l u g .  I t  is r e q u i r e d  t h a t  
t h e  sp in -muto r  nozz le  t u b e s  remain s e a t e d  i n  t h e  r e t r o m o t o r  n o z z l e  d u r i n g  
t r a n s i t  t o  p r e s e r v e  a l i g n m e n t .  

The r e t r o m o t o r  t h r o a t  p l u g s  

P u l l  t es t s  were performed by Hercu le s  Powder Company 16 November 
1961,  t o  o b t a i n  d a t a  f o r  d e t e r m i n i n g  assembly t e c h n i q u e s .  These d a t a  
a r e  shown i n  F i g u r e  2 .  A s  a r e s u l t  o f  t h e s e  t e s t s ,  i t  was d e c i d e d  t o  

assembly t o  reduce d e f L e c t i o n  under f l i g h t  l o a d s .  
s e a t "  t h e  p l u g s  f o r  f l i g h t  motors  by a p p l i c a t i o n  of  150 pounds'  f o r c e  a t  II 

To v e r i f y  t h a t  a g i n g  had  not  d e t e r i o r a t e d  t h e  l o a d - c a r r y i n g  
c a p a b i l i t y  of t h e s e  p l u g s ,  p u l l  t e s t s  were performed on t h e  f o u r  t e s t  
motors  a t  AEDC. R e s u l t s  of  t h e s e  t e s t s  3 r e  shown i n  F i g u r e  3 .  Motors 
205 and 201 had been " sea t ed"  w i t h  150 pounds'  p r e l o a d ,  w h i l e  motors  
209-A and 103 were assembled p r i o r  t o  t h a t  r e q u i r e m e n t .  

Comparison o f  t h e  two f i g u r e s  i n d i c a t e s  no s i g n i f i c a n t  degrada-  
t i o n  had occu i - r ed .  The p l u g s  i n  the f l i g h t  motors  for RA-5 a r e  c o n s i d e r e d  
s a t i s f a c t o r y  f o r  u s e .  

c .  Spin Motor 

To check t h e  a g i n g  c h a r a c t e r i s t i c s  of  t h e  s p i n  motor assem- 
b l y ,  a f l i g h t - t y p e  motor was s t o r e d  f o r  abou t  90 d a y s  b e f o r e  f i r i n g .  
T h i s  assembly c o n s i s t e d  o f  t h e  fo l lowing :  

Case S I N  
Manifold SIN 
I g n i t o r  S/N 
Assembly Date 

L-60 
L- 110 
L- 34 
5- 14-62 

The components and assembly p r o c e d u r e s  were i n  acco rdance  w i t h  
f l i g h t  s p e c i f i c a t i o n s  i n  a l l  r e s p e c t s ,  e x c e p t  t h a t  t h e  man i fo ld  was 
i e j  e c  t e d  f o r  o u t - o f -  t o l e r a n c e  s p u r i o u s  t o r q u e  a f t e r  c o l d - f  low b a l a n c i n g .  
The motor was assernbled a t  a r e l a t i v e l y  humid i ty  of  50 p e r c e n t - - t h e  upper  
1 i r i i i  t of t h e  s p e c i f i c a t i o n s .  

The motor was f i r e d  on 1 7  August 1962, a f t e r  7 2  h o u r s  a t  a vacuum 
o f  a b o u t  1 2  m i c r o n s .  The nozz le  caps were removed f o r  t h e  vacuum soak.  
The motor  was [ i r e d  aL a tmosphe r i c  p r e s s u r e ;  t h e  d a t a  l i s t e d  below were con- 
vc,r ted t o  vaciiiim i o c  comparison w i t h  pi-evious q u a l i f i c a t i o n  t e s t  d a t a .  

- 4 -  
7 



5 In 
N 

: I . . .  . . , , . / : : : : :  

f 
! 



I .  

3 rr. 0 

3 

3 1  
I ... 

3 

- 6-  



A &RON UTRON IC 0 I V I  6 I ON ~0 

,* , - 
n 

(&&I,+LFfCATfON WTA SURVEILLANCE 
E+m?SE! nA ROUND 

Burn Time t o  5 p e r c e n t  ( r a c )  1.10 1 .19  1 .14  1.10 
Sprcific lmpulre (aec) 204 210 208 210 
Capaulr Rol l  Rate 31.89 33.75 32.79 32.90 

The i g n i t i o n  d e l a y  has n o t  been t a b u l a t e d  as a l i n e  i t e m ,  b u t  
i t  i o  c o n s l a t e n t  w i t h  p r e v i o u s  f i r i n g s .  

I n  suannary, t h e  s u r v e i l l a n c e  f i r i n g  appea red  comple t e ly  t y p i c a l  
i n  011 r e s p e c t s .  

d .  T e s t  of Sphere  015 

The test and  a n a l y s i s  of t e s t  d a t a  f o r  s p h e r e  015 have been 
comple ted .  
per formance  of t h e  s u r v i v a l  s p h e r e .  
t h e  r e s u l t s  of t h i s  t e s t ,  b u t  t h e  major  r e s u l t s  can be  summarized h e r e .  

T h i s  t e s t  was p r i m a r i l y  concerned  w i t h  de t e rmin ing  t h e  thermal  
A comple te  r e p o r t  has been p r e p a r e d  on 

It may be noted  that the  nominal performance r equ i r emen t s  of 
t h e  s u r v i v a l  s p h e r e  are based  on l a n d i n g  i n  l a t e  l u n a r  a f t e r n o o n .  For 
the tes t  of s p h e r e  015 ,  l a n d i n g  d u r i n g  l u n a r  n i g h t  was s i m u l a t e d ;  t h i s  
l a n d i n g  t i m e  s i m u l a t i o n  was r e q u e s t e d  by JPL and r e p r e s e n t s  t h e  most 
s e v e r e  c o n d i t i o n  t h a t  can be imposed on t h e  c a p s u l e  i n s u l a t i o n  sys t em.  
I n  t o t a l ,  t h e n ,  t h e  f o l l o w i n g  c o n s e r v a t i v e  c o n d i t i o n s  e x i s t e d  d u r i n g  t h e  
the rma l  t e s t :  

(1) The f l o a t a t i o n  f l u i d  was d r a i n e d  d u r i n g  s i m u l a t e d  
l u n a r  n i g h t .  

(2) The chamber t empera tu re  was h e l d  a t  a c o n s t a n t  -25OOP; 
t h e  a c t u a l  l u n a r  n i g h t  t empera tu re  v a r i e s  q u a s i -  
p a r a b o l i c a l l y  from 0 t o  -250OF. 

(3) The t e s t  was conducted a t  a p r e s s u r e  of abou t  1 mic ron ; - l2  
t h e  p r e s s u r e  a t  t h e  l u n a r  s u r f a c e  i s  on t h e  o r d e r  of 10 
m i  c r o n .  

-7- 
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The r e s u l t s  of t h e  t es t  i n d i c a t e  t h a t  the capsule would n o t  
s u r v i v e  a l u n a r  n i g h t  under t h e  c o n d i t i o n s  i t e m i z e d  above. The 
performance of t h e  i n s u l a t i o n  was a b o u t  o n e - t h i r d  as good as p r e v i o u s l y  
e s t a b l i s h e d  by sample t e s t s  under c o n d i t i o n s  more c l o g e l y  s imula t ing  
t h o s e  a c t u a l l y  e x p e c t e d .  T h i s  t e s t  d i d  n o t  c o n f i r m  the p r e v i o u s  r e su l t s ,  
s o  e v a l u a t i o n  of performance i n  t h e  a c t u a l  environment  is i n c o n c l u s i v e  
a t  b e s t ,  a l t h o u g h  i t  dges appea r  i i iarginal.  

The water b o i l o f f  system o p e r a t e d  a s  a n t i c i p a t e d .  The 
t e m p e r a t u r e  h e l d  a t  a c o n s t a n t  85'F u n t i l  t h e  w a t e r  s u p p l y  was e x h a u s t e d .  

For a d e t a i l e d  d i s c u s s i o n  of t h e  t e s t  r e s u l t s ,  r e f e r  t o  
r e p o r t  SCP'T-45. 

3 .  STATES OF FLIGHT HARDWARE 

a .  Capsu le  Assembly 

Assembly of s p h e r e s  017 and 018 h a s  been completed.  These 
c a p s u l e s  were d e l i v e r e d  t o  AMR on 15 and 16 September 1962 and were 
a v a i l a b l e  t o  JPL f o r  t h e  RFi t e s t  on 20 September 1962.  System performance 
of  t h e  c a p s u l e s  was normal i n  a l l  r e s p e c t s .  a 

The r e s u l t s  of  t h e  RFI t e s t s  conduc ted  a t  AMR were s a t i s f a c t o r y .  
The t r a n s p o n d e r  t h r e s h o l d s  i n  t h e  optimum c a p s u l e  p o s i t i o n  a r e  t a b u l a t e d  
below. 

TRANSPONDER THRESHOLD 
NORMAL WITH CAPSULE (dbm) 

CAPSULE TKANSPONIIER THRESHOLD (dbm) SHROUD OFF SHROUD ON 

017 
91s 

- 139 
- 139 

-137 - 123 
-138 - 132 

Or1 t h c  b a s i s  o i  the  R F I  t e s t s  and Aeronu t ron ic  recommendations,  s p h e r e  013 
was selected a s  t h e  prime c a p s u l e  for  RA-5. The t r a n s p o n d e r  t h r e s h o l d  i n  
t h e  shrot!d on c v n d i t i o n s  f o r  sphere 017 was -129 d b - - s l i g h t l y  l ess  than  the 
-130.4 db d e s i r c d .  It  was dec ided  by JPL p e r s o n n e l  t h a t  t h i s  d e v i a t i o n  was 
.:ot s t r i \ l L i s ,  ailJ s p h e r e  017 w a s  used a s  t h e  backup c a p s u l e .  
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A s  p r e v i o u s l y  n o t e d ,  i t  was d i s c o v e r e d  d u r i n g  t e s t  o f  t h e  power 
and sequenc ing  assembly t h a t  t h e  A t l a s  s q u i b  s w i t c h e s  would n o t  f u n c t i o n  
a f t e r  s t e r i l i z a t i o n  b a k i n g ,  A f  t h e  time t h i s  was d i s c o v e r e d ,  s p h e r e s  017 
and 018 had been p a r t i a l l y  assembled and i n c o r p o r a t e d  and s t e r i l i z e d  s q u i b  
s w i t c h e s .  Assembly had proceeded p a s t  t h e  i n s t a l l a t i o n  of t h e  i n s u l a t i o n  
s h e l l  of b o t h  s p h e r e s .  It was t h e r e f o r e  n e c e s s a r y  t o  remove t h e  o u t e r  
s h e l l  and i n s u l a t i o n  i n  o r d e r  t o  r e p l a c e  t h e  s t e r i l i z e d  squib s w i t c h  w i t h  
u n s t e r i l i z e d  s w i t c h e s  from t h e  same l o t .  

The s q u i b  s w i t c h  assembly i s  s o l i d l y  e n c a p s u l a t e d  w i t h  328 epoxy 
r e s i n  i n  one of tlie c a v i t i e s  i n  t he  upper s t r u c t u r e .  Although r ep lacemen t  
of t h e  s q u i b  s w i t c h e s  appea red  i n p o s s i b l e ,  a t e c h n i q u e  f o r  removing t h e  
e n c a p s u l a t i n g  m a t e r i a l  was developed which a l lowed  r ep lacemen t  o f  t h e  
e n t i r e  module w i t h o u t  d e t e c t a b l e  e f f e c t  on t h e  q u a l i t y  o f  t h e  r e s u l t i n g  
assembly o r  f u n c t i o n a l  r e l i a b i l i t y  of t h e  sys t em.  I t  was de t e rmined  t h a t  
t h e  328 r e s i n  s o f t e n s  a t  a t empera tu re  of  abou t  18O0F, which i s  w e l l  below 
t h e  t e m p e r a t u r e  a t  which i n s r i l a t i i m  and o t h e r  e l e c t r o n i c  components would 
be  damaged. Heat was a p p l i e d  b y  a small h o t - a i r  gun,  and t e m p e r a t u r e  was 
mon i to red  by a thermocouple i n  t h e  a i r  b l a s t .  A s  t h e  e n c a p s u l a t i n g  m a t e r i a l  
s o f t e n e d ,  i t  was s c r a p e d  away w i t h  a p l a s t i c  s t y l u s .  By working v e r y  
c a r e f u l l y ,  w i r e  bund les  t h a t  were f r e e z e - c o a t e d  ove r  t h e  s q u i b  module were 
f r e c d ,  cnd c o n n e c t i o n s  u n s o l d e r e d ,  and t h e  d e f e c t i v e  module removed w i t h o u t  
s i g n i f i c a n t  damage t o  t h e  s u r r o u n d i n g  components. A f t e r  a s q u i b  module 
w i t i i  u n s t e r i l i z e d  s q u i b s  was i n s t a l l e d ,  each of t h e  l e a d s  t h a t  had been 
d i s t u r b e d  r echecked  bo th  p h y s i c a l l y  and e l e c t r i c a l l y  p r i o r  t o  r e i n s t a l l a t i o n .  
The d e t a i l s  o f  t h i s  i n s p e c t i o n  and any c o r r e c t i v e  a c t i o n  r e q u i r e d  a r e  
i n c l u d e d  i n  T a b l e s  1 and 2 .  

A photograph of  c a p s u l e  018 i i iher  s p h e r e  assembly d u r i n g  rework 
i s  showli i n  F i g u r e  -5. A t  t h i s  s t a g e  t h e  w i r i n g  i s  no t  f r e e z e - c o a t e d  and 
t h e  b a t t e r y  t e r m i n a l s  iiave not  been r e - e n c a p s u l a t e d .  A l l  wires  a re  t h e  
o r i g i n a l  o n e s ,  a s  c a n  be noted by fragments  of epoxy on t h e  w i re s .  Note 
t h a t  two of t h e  wi re s  have been s l e e v e d  because o f  minor n i c k s  i n  t h e  
i n s l i l a t i o u  t h a t  o c c u r r e d  d u r i n g  rework. The appea rance  of c a p s u l e  017 w a s  
s imi l a r  . 

A s  a r e s u l t  o f  t h i s  rework,  approx ima te ly  40 more hours  of  
r i i i i n i  n g  t i m e  were p u t  on t h e s e  c a p s u l e s  t h a n  e x p e r i e n c e d  d u r i n g  a 
normal b u i l d u p .  T h i s  does not  s i g n i f i c a n t l y  a f f e c t  t h e  t o t a l  e x p e c t e d  
l i f e  o f  t h e  c a p s u l e .  During t h i s  rework an o p p o r t u n i t y  was a f f o r d e d  t o  
check b a t t e r y  performance a f t e r  about  60  hours  of o p e r a t i o n  i n  t h e  a c t u a l  
c a p s u l e .  The b a t t e r y  c h a r g e  c o n d i t i o n  co r re sponded  v e r y  c l o s e l y  t o  t h e  
rcist!lts expec ted  from p r i o r  b a t t e r y  l i f e  t e s t s .  
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b .  A t l a s  MS 2.1-0-C Squib Switches 

When t h e  f a i l u r e  of the s t e r i l i z e d  s q u i b  s w i t c h e s  i n  t h e  
power and sequenc ing  assembly o c c u r r e d ,  i t  was a p p a r e n t  t h a t  t h e  s q u i b  
s w i t c h e s  a l r e a d y  i n s t a l l e d  i n  s p h e r e s  017 and 018 were s u s p e c t  and h a d  
t o  be r e p l a c e d .  To conf i rm s u i t a b i l i t y  of u n s t e r i l i z e d  s w i t c h e s  from 
the same l o t ,  a s e r i e s  of f i r i n g  t e s t s  were pe r fo rmed .  The r e e u l t s  of 
t h e s e  t e s t s  may be summarized as f o l l o w s :  

(1) Of 34 s t e r i l i z e d  s q u i b s  t h a t  were t e s t e d ,  a l l  s w i t c h e s  
f a i l e d  t o  f i r e .  T h i s  i n c l u d e s  power and sequencing 
assembly DPT s w i t c h e s ,  t h o s e  from t h e  two s q u i b  modules 
removed from s p h e r e s  017 and 018, and s w i t c h e s  especially 
s t e r i l i z e d  f o r  t h i s  t e s t .  

( 2 )  O f  22 u n s t e r i l i z e d  s w i t c h e s  t h a t  were t e s t e d ,  a l l  s w i t c h e s  
f i r e d  i n  a normal manner. 

I t  may be no ted  t h a t  fou r  of t h e  u n s t e r i l i z e d  s w i t c h e s  had been 
e n c a p s u l a t e d  i n  a power and sequencing assembly module and were s u b j e c t e d  
t o  185'F f o r  12  h o u r s .  
u n s t e r i l i z e d  s w i t c h e s  t e s t e d ,  was c o n s i d e r e d  adequa te  e v i d e n c e  t h a t  s q u i b  
s w i t c h e s  from t h i s  l o t  were s a t i s f a c t o r y  f o r  f l i g h t  u s e  i n  t h e  c a p s u l e  
3nd i n  t h e  power and sequenc ing  assembly.  A d d i t i o n a l  d e t a i l s  conce rn ing  
t h e s e  t es t s  i s  i n c l u d e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

T h i s ,  p l u s  t h e  100-pe rcen t  c o r r e l a t i o n  of a l l  

On 1 September 1962 t h e  s w i t c h  module i n  t h e  power and  
s e q u e n c i n g  assembly d e v i c e  f a i l e d  t o  f u n c t i o n  upon command. A group of 
f o u r  s w i t c h e s  from t h e  same m a n u f a c t u r e r s  and Loaders l o t  (Atlas 
Chemical L o t  1161) were s t a r t e d  on a 24-hour s t e r i l i z a t i o n  bake a t  
2 5 7 z F .  
300 F f o r  t h e  same d u r a t i o n .  Co inc iden t  w i t h  t h e  a b o v e ,  one s w i t c h  
( S / N  148) was  i n i t i a t e d  d u r i n g  a n  a t t e m p t  t o  disassemble i t  f o r  
conipari son p u r p o s e s .  (Th i s  s w i t c h  had n o t  p r e v i o u s l y  been p o t t e d ,  
c u r e d ,  o r  s t e r i l i z e d . )  An a d d i t i o n a l  s w i t c h  (also u n s t e r i l i z e d  and 
uncured )  was i n i t i a t e d  i n  a normal manner. T h i s  s w i t c h  was S/N 151. 

In a d d i t i o n ,  t w o  more s w i t c h e s  from t h i s  l o t  were s t a r t e d  a t  

0: 2 September ,  a f t e r  24 h o u r s ,  t h e  s w i t c h e s  s u b j e c t e d  t o  
257 and 300 F were removed from t h e  ovens ,  and two a d d i t i o n a l  g roups  
of  f o u r  s w i t c h e s  each were p l a c e d  i n  t h e  two t e m p e r a t u r e  c o n d i t i o n s .  
These  remained i n  t h i s  environment  u n t i l  8:OO a.m. on 4 September ( t o t a l  
of  4 1  h o u r s '  e x p o s u r e ) .  

-13 -  
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O n  4 September an a t t e m p t  was made t o  f i r e  t h e  f o u r t e e n  
s w i t c h e s  s u b j e c t e d  t o  t h e  h e a t  environments  d i s c u s s e d  above.  All 
s w i t c h e s  f a i l e d  ( s e e  T a b l e  3 f o r  d e t a i l s ) .  A s  i n  t h e  o r i g i n a l  
power and sequenc ing  assembly f a i l u r e ,  t h e  b r i d g e  c o n t i n u i t y  was 
d e s t r o y e d  iipon e l e c t r i c a l  impu l se ,  bu t  no mechan ica l  a c t i o n  ( s w i t c h i n g  
func t i o n )  was o b s e r v e d .  

An e n g i n e e r i n g  model power and sequenc ing  assembly c o n t a i n i n g  
0 f o u r  s q u i b  s w i t c h e s  which had p r e v i o u s l y  been exposed t o  185 F f o r  

12 hour s  ( r e q u i r e d  t o  c u r e  t h e  e n c a p s u l a t i n g  m a t e r i a l  i n  t h e  module) 
was then  s u b j e c t e d  t o  t h e  normal f i r i n g  command. A l l  s w i t c h e s  
f t i n  c t i o n  ii d 11 o r  ma 1 1 y . 

Two a d d i t i o n a l  u n t r e a t e d  s q u i b  s w i t c h e s  were t h e n  t e s t - f i r e d  
a n d  w o r k e d  per  s p e c i f i c a t i o n .  

An attempt:  t o  e v a l u a t e  p o s s i b l e  d e g r a d a t i o n  of t h e  o t h e r  
e x p l o s i v e  i terns i n  t h e  Lunar Capsule  Assembly was i n s t i t u t e d  by expos ing  
twc? each o f  t h e  f o l l o w i n g  t o  257 F f o r  24 h o u r s :  0 

C311-3 P e n e t r a t e r  Squ ib  
0A-A13 B o l t  C u t t e r  
1MT114 P i s t o n  Motor 

These i in i t s  a l l  f i r e d  s a t i s f a c t o r i l y  a f t e r  t h e  h e a t  c y c l e .  

A l s o  on 5 September 1962,  a f u r t h e r  e f f o r t  t o  s t a t i s t i c a l l y  
s u p p o r t  c a p s u l e  rework was i n i t i a t e d .  Ten s q u i b s  ( u n s t e r i l i z e d  and 
t i i ipc~t ted)  were t e s t - f i r e d .  A l l  u n i t s  f i r e d  s a t i s f a c t o r i l y .  These 
s w i t c h e s  a r e  from t h e  same p r e v i o u s l y  q u a l i f i e d  l o t  as  t h e  r ep lacemen t  
swiLches b c i n g  i n s t a l l e d  i n  s p h e r e s  017 and 018. T h i s  b r o u g h t t o  
twc:tty- t w o  the  number of s w i t c h e s  which have f i r e d  s a t i s f a c t o r i l y  
~ w h ~ i i  no heat exposure i n  t h e  257 F r ange  i s  i n v o l v e d .  T h i s  y i e l d s  
a s t a t i s t i c a l  r e l i a b i l i t y  of  90 pe rcen t  o n  a 9 0 - p e r c e n t  c o n f i d e n c e  
l e v e l  t ha t  t h e  next s q u i b  s w i t c h  w i l l  a l s o  f i r e  under l i k e  c o n d i t i o n s .  
Thc f a c t  t h a t  t h e s e  s w i t c h e s  a r e  used i n  p a i r s  and t h a t  e i t h e r  of  
thc  p a i r  i s  c a p a b l e  of pe r fo rming  t h e  system m i s s i o n  i n c r e a s e s  the 
r e l i a b i l i t y  t o  90  p e r c e n t  on t h e  90 -pe rcen t  condidence l e v e l ,  t h a t  
t h e  system f u n c t i o n  w i l l  be accomplished.  

0 

A Fur the r  e f f o r t  t o  e v a l u a t e  t h e  t e m p e r a t u r e l t i m e  
d e g r a d a t i u n  p o i n t  o f  t h e  MS 2.1-0-C s w i t c h e s  w i t h  PD mix was a l s o  
ik-isLituted on t h a t  d a t e .  I n  t h i s  s t u d y ,  p i s t o n  moto r s  w i t h  PD m i x  
i r o m  an u n q u a l i f i e d  l o t  were p l aced  i n  an oven a t  2 5 7  F.  S t a r t i n g  
a t  15 hour s  a f t e r  i n i t i a l  exposure ,  samples  of t h e  p i s t o n  motors  were 
e x t r a c , t e d  from t h e  oven and f i r e d .  T h i s  t e s t  sequence c o n t i n u e d  until 
u n i t s  with 2$ h o u r s  of  h e a t  exposure were f i r e d .  No f a i l u r e s  were 
o b s e r v e d  i n  t h i s  sample.  

0 
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c. Altimeter 

Final acceptance tests of two flight altimeters have been 
completed. These altimeters were modified to incorporate the gamma-ray 
free TR tube in accordance with requirements established by JPI,. 
Suitability of this TR tube substitution has been confirmed by compati- 
bility rest 1Ath the spacecraft a t  Pasadena. 

The curves o f  the AGC voltage versus altimeter temperature 
€or altimeters F4 and F5 are shown in Figures 5 ,  6 .  and 7 .  The 
temperature characteristics of altimeter F4, the prime altimeter for 
RA-5, are normal in all respects. Some difficulties were experienced 
in obtaining satisfactory AGC voltage-temperature characteristics for 
altimeter FS. Whereas the AGC v o l t a g e  itself was normal, the output o f  
the preconditioning circuit f o r  telemetry coding was significantly 
distorted. In particular, in the lower temperature ranges the AGC 
voltage tended to converge, so that meaningful data could not be 
obtained. 

Since the AGC voltage conditioning circuic is integrally 
potted with the altimeter power supply, it was necessary t o  replace 
the powc?r supply in altimeter F5 with that from F3.  The resulting 
AGC voltage versus temperature curves were satisfactory, and the 
altirneter was accepted as the flight backup uriit. 

d. Additional Flight Components 

The remaining flight components for Gihich engineering 
work was under way were completed prior to this reporting period. 
Other major items of  the ancillary equipment were in stores and 
available to support the RA-5 flight. All necessary to support the 
RA-5 flight were shipped t o  AMR prior t o  15 September 1962, to comply 
with the JPL schedule to spacecraft buildup. 

c .  Summary of Remaining Flight Hardware 

Table Lc is an inventory list of major flight hardware 
that will be available after RA-5 launch. This list does not include 
all hardware available, but o n l y  the significant assemblies or major 
parts necessary to assemble the seismometer capsule ar.d support a 
l a u n c h  Parts for sphere 019 are nct listed; a l l  prts a r c  civaildblc 
f o r  spiicre 019, of course, in compliance with present cL3rtractual 
. cmn i tmeii t s 
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I t  may be no ted  t h a t ,  w i t h  t h e  e x c e p t i o n  :)f t h e  s*Jqlitrlc(? t imer ,  
impact l i m i t e r  b a l s a ,  and b a t t e r i e s ,  a l l  major p a r t s  a r e  a v a i l a b l e  f o r  
assembly of s p h e r e  020. Although backup b a t t e r i e s  were p rocurcd  i n  
s u p p o r t  of t h e  RA-5 l a u n c h ,  i t  would be a d v i s a b l e  t o  p r o c t i r e  f r e s h  stoc!: 
i f  t h e r e  were a s i g n i f i c a n t  t i m e  l a p s e  b e f o r e  assembiin: l ,  an a d d i t i o n a l  
sphere. I f  t h e  tirni:ig were p r p p e r ,  however,  the  sddi t i ( I i i a 1  b a t t e r i e s  
might riot be r e q u i r e d .  

Two r e t r o m o t o r s  would be a v a i l a b l e  a f t e r  P A - 3  The on ly  major 
p i e c e s  o f  a n c i l l a r y  equipment f o r  which backup : , o \ ~ l d  nut b e  a v a i  i a b l e  
a r e  tlien t h e  s p i n  motor and power and seqtiencing assemblv ilie sarne 
c o n s i d e r a t i o n s  a p p l y  t o  t h e  a n c i l l a r y  equipment b a r t c r i e s  LIS f o r  t h e  
c a p s u l e  b a t t e r i e s .  

4 .  FIELD OPEUTLONS 

a .  F i e l d  P rocedures  

I n  t h e  p e r i o d  between RA-4 and RA-5 a d e i a i l e d  rc'\'it'w o f  t he  
f i e l d  p rocedures  was made. Where major changes were required t c i  c ~ ~ ~ . ! p i y  
wi t h  hardware changes ,  t h e  p rocedures  were mod i f i ed  o r  rewri t t e n .  I n  
a d d i t i o n ,  many minor changes were made a s  fcbilnd d e q i r a b l c  d c r i n g  t!ic 
f i e l d  e x p e r i e n c e  o f  RA-3 and R A - 4 .  C o n s i d e r a b l e  improvelncnt i n  t h e  
p r o c e d u r e s  was made, p a r t i c u l a r l y  i n  more c l e a r l y  d e f i n i n g  Z ~ I C  s p e c i f i c  
o p e r a t i o n s  t o  be  performed and i n  p r o v i s i o n  f o r  specilic v e r i f i c a t i o n  
by Q u a l i t y  C o n t r o l  r e p r e s e n t a t i v e s  o f  a l l  assembly and c t : ~ c k o u t  s t e p s  

T!ic modi f i ed  p rocedures  were r e l e a s e d  J S  con t  rcil i ( > c l  d o c  :mi( i l t  s 
bv t h e  normal c!ocument r e l e a s e  system; c o p i e s  IXI\/L> p r c v i o 5  S!Y I1t.a.n 

f u r n i s h e d  t u  JPL.  

A s i g n i f i c a n t  problem t h a t  had o c c u r r e d  w i t h  Wi-3 a n d  RA-L 
concerned the r a d i o -  f r equency  i n t e r f e r e n c e  between t h e  C J P S C I  1 e 
t r a n s n i t t c r  and s p a c e c r a f t  t r ansponder  Subsequznt t J &I-(& 5 

p r o q r a n  w3s c s t a b l i s h e d  t o  d e t e r n i n e  t h e  s p e c i f i c  c d i i s e ~  o f  t h e  
i n t c r l e r e n c e .  U n f o r t u n a t e l y ,  t h e  schedu le  d i d  not permi c esper i incnt  s 
w i t h  the a c t u a l  f l i g h t  hardware;  s o ,  because o f  the e l u s i v e  n a : i i r ~  o l  
t h e  RFI problem, a d e f i n i t e  system s o l u t i o n  could n(7t b c  .thtail ie.l. 
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It  had been observed t h a t  t h e  s e v e r i t y  a f  i n t e r f e r e n c e  c o u l d  

be s i g n i f i c a n t l y  changed by r o t a t i n g  t h e  c a p s u l e  t r a n s m i t t e r  and a n t e n n a  
w i t h  r e s p e c t  t o  t h e  s p a c e c r a f t  t r ansponder  and a n t e n n a .  By t h i s  "c lock ing" ,  
t h e  d e g r a d a t i o n  of  t h e  s p a c e c r a f t  t r a n s p o n d e r  t h r e s h o l d e r  could be changed 
by abou t  15 dbm. I n  a d d i t i o n ,  i t  was obse rved  t h a t  minimum i n t e r f e r e n c e  
u s u a l l y  o c c u r r e d  a t  a s i n g l e  a n g u l a r  p o s i t i o n  and t h a t  t h e  d e g r a d a t i o n  
i n c r e a s e d  r a p i d l y  as  t h e  p o s i t i o n  was changed from t h e  n u l l  p o i n t .  i J i t h  
the damper pads i n s t a l l e d  on t h e  r e t romoto r  and t h e  s p h e r e ,  r o t a t i o n  of 
t h e  b a l l  w i t h  r e s p e c t  t o  t h e  s p a c e c r a f t  i s  l i m i t e d  t o  30 -degrees  i n c r e m e n t s ,  
w i t h  t h e  r e s u l t  t h a t  s e l e c t i o n  of t h e  optimum p o s i t i o n  mLght not be  p o s s i b l c .  
and i n  f a c t  a n  o t h e r w i s e  u s a b l e  c a p s u l e  might demons t r a t e  an u n s a t i s f a c t o r y  
i n t e r f e r e n c e  l e v e l .  

To e l i m i n a t e  t h i s  p o s s i b i l i t y ,  t h e  c a p s u l e s  were s h i p p e d  t o  AMR 
w i t h o u t  t h e  damper pads i n s t a l l e d .  The c a p s u l e s  were clociced t o  conf i rm 
t h e  b e s t  a n g u l a r  p o s i t i o n  on t h e  s p a c e c r a f t ,  and t h e n  t h e  damper pads were 
i n s t a l l e d  i n  t h e  f i e l d  a t  t h i s  optimum p o i n t .  It may h e  no ted  t h a t  for 
b o t h  of t h e  f l i g h t  c a p s u l e s  t h e  t r a n s p o n d e r  t h r e s h o l d  d e g r a d a t i o n  was 3 db 
o r  l e s s  (above -139 db) i n  t h e  sh roud-o f f  c o n d i t i o n .  

Assembly of  t h e  c a p s u l e s  and r e t r o m o t o r s  was e s s e n t i a l l y  t r o u b l c -  
f r e e .  E n g i n e e r i n g  improvements t h a t  had been made between RA-3 and R A - A ,  
improvements i n  t h e  f i e l d  p r o c e d u r e s ,  and a v a i l a b i l i t y  o f  a l l  f l i g h t  
hardware p r i o r  t o  15  September 1962 a l l  c o n t r i b u t e d  t o  t h i s .  ,a 

I n s t a l L a t i o n  of t h e  power and sequencing asseinhties i n  t h e  
c a v i t y  and of t h e  r e t r o m o t o r  i n  the c a p s u l e  was c o n s i d e r a b l y  s i m p l i f i e d  
T h i s  i n s t a l l a t i o n  i s  shown i n  F i g u r e  8 f o r  one of t h e  f l i g h t  a s s e m b l i e s .  
Power and sequenc ing  assembly mounting,  w i r e  r o u t i n g ,  and a t t a c h m e n t  
were c o n s i d e r a b l y  s i m p l i f i e d  by e n g i n e e r i n g  changes .  

Both t h e  p r imary  and backup c a p s u l e  a s s e m b l i e s  were c o v p l e t e d  
w e l l  i n  advance of  t h e  r e q u i r e d  da te .Bo th  were completed p r i o r  t o  
1 Oc tobe r  1962.  'lo f u r c h e r  s i m p l i f y  t h e  a s s e m b l y ,  t h e  s t o r a g e  f i x t u r e  
a t  AMR had been m o d i f i e d  s o  t h a t  t h e  comple t e  c a p s u l e  r e t romotDr  
a s s e n b l y  cou ld  be completed and s t o r e d  i n  t h e  i n v e r t e d  p o s i t i o n  t o  
s h u t  o f f  t h e  c a p s u l e  t r ansmi t t e r .  With t h i s  same f i x t u r e ,  the  assembly 
c o u l d  be p e r i o d i c a l l y  r o t a t e d  t o  conf i rm p rope r  performance of  t h e  
c a p s u l e  e l e c t r o n i c s .  

A complete  r e p o r t  c o v e r i n g  a l l  o p e r a t i o n s  a t  A t  for €VI-5 
i s  b e i n g  p r e p a r e d  and w i l l  be p u b l i s h e d  a f t e r  t h e  RA-5 flight. 
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5 .  ASSEMBLY SQUAWK SHEETS AND LOG OF NONCONFORMING MATERIAL REPORTS 

On the following paaes are the Assembly Squawk Sheets and the 
Nonconforming Material Reports (NMRs) that have been compiled during this 
reporting period. 

Fabrication and testing effort is included and covers both 
components and buildup of the Ranger 5 flight capsules. Supplemental 
information regarding the  NMRs is included in previous minutes of 
Management Review Board Meetings and is only summarized in this report. 
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ASSEMBLY SQUAWK SHEET3 

DRAGIN-G NO. SERIAL NO. DATE W O R M S H I P  DESIGN OK A S - I S  REWORK_ @ 

805340~ 
805340A 

801 17 3A 

805348C 

80 5 34 BC 

017 
017 

- 
FP-16 

FP-17 

DPT 
- 

01 1 

FP -9 

8-1 -62 

8-1-62 

8-1-62 

8-3-62 
8-3-62 

8-3-62 
8-3-62 

8-3-62 

8-3-62 

1 
4 
12 

5 

7 

2 

3 1 

7 5 

2 3 

3 5 

- 

8051 24NC 
801 1 7  3A 

8056198 

8056636; 

3 
8 
3 

10 

4 
6 2 

1 2 

7 4 

- 

805664F FP-9 

805 6 65H FP-9 

8-3-62 9 
8-3-62 10 

- 1 

7 - 
8 
3 

- 
- 

805 6 6 65 

805115NC 

805649G 

801 194NC 

805 1 16NC 

805348C 

80 1 1 9 4NC 

80 5 1 16NC 
80534% 

805340A 

FP-9 

FP-12 

FP -9 
- 

FP-12 

FP-16 
- 

FP-12 

FP-16-17 

01 7 

8-4-62 

8-4-62 

8-4-62 

8-6-62 

8-6-62 

8-6-62 

8-7 -62 

8-7 -62 

8-7 -62 

8-8-62 

8 2 

3 

1 

1 

1 
- 
3 
- 
2 

5 

7 

3 

1 

1 

1 

2 

5 
1 

3 

14 
- 801173A 8-9 -62 5 

805 34 8C FP-18 8-9-62 6 
805944NC FP-11 8-9-62 6 

801173A 8-1 3 -62 4 
8051 17NC DPT 8-13-62 2 
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PRAWING NO, 

80 5 6663 

805649G 

805 666 J 
8056 6 6 J 

8051 24NC 

8051 24NC 

801173A 

805664F 

805117 

,805124 

805649G 

80566 3G 

805070A 

805121 

8051 17NC 

805 12 3NC 

805 124NC 

SO5 139NC 

805279 

805 1 14NC 

805114NC 

805 12 LNC 

805 1 2  3NC 

805 12 3NC 

805126A 

8051 27A 

805127A 

SERIAL NO. DATg WORKMANSHIP DESIGN 

FP-11 

FP-10 

FP-10 

FP-11 

DPT - 1 
FP-1 
- 

FP-11 

DPT 

FP-1 

FP-11 

FP-11 

FP-6 

FP-1 

FP -1 

FP-2 

FP-2 
- 
01 8 
- 
FP-14 

F P - 2  

DPT 

FP-2 

DPT - 1 
DPT 

DPT 

8-13-62 

8-14-62 

8-14-62 

8-16-62 
8-16-62 

8-1 6-62 

8-16-62 

8-16-62 

8-17 -62 

8-17-62 

8-18-62 

8-18-62 

8-18-62 

8-20-62 

8-21 -62 

8-2 1-62 

8-21-62 

8-21-62 

8-21-62 

8-22-62 

8-23-62 

8-23-62 

8-23-62 

8-23-62 

8-2 3-62 
8-23-62 

8-23-62 

2 1 

6 

4 1 

4 1 

1 
4 1 

5 

4 

1 1 
1 

4 

3 

4 
1 

1 

- 

- 

- 
- 

- 
- 
- 
- 
- 
- 

- 1 

2 

4 

1 2 

1 

- 

- 
- 1 

2 

5 2 

1 

4 2 

3 2 

4 

- 

- 

- 

OK AS-IS 

1 

2 

2 

2 

1 

2 

1 

3 
- 
- 
- 
- 
2 

1 

1 

1 

2 

3 

3 

1 

1 

2 

4 

1 

4 

2 

1 

. .  
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DRAWING NO. SERIAL NO,  

805 139A 
80 5 34 8C 

805348C 

8051 39NC 
805141B 

805145NC 

805127 

80 6 4 9 6N C 

805 121NC 

805127 

805 1 2  3NC 

805123NC 

805126A 

805 1 2 7 A  

80 5 340A 

805141C 

805 1 2 7NC 

80 5 145NC 

801 OOOF 

801 OOOF 

801199NC 

801 199NC 

805 27 9C 

805279C 

8059 44NC 

8051 39A 

3 

FP-19 

FP-20 

DPT - 2 

DPT - 1 

DPT 
FP-2 

FP-12 

FP-2 

FP-2 

FP-1 

FP-3 

FP-2 

FP-1 

01 8 

FP-1 

FP-3 

FP-1 

104 

105 

104 

105 

01 8 

01 7 
F P - 1 1  

5 and 6 

DATE 

0-23-62 

8-23-62 

8-23-62 

8-24-62 

0-24-62 

8-25-62 

8-27-62 

8-27 -62 

8-28-62 

8-28-62 

8-29-62 

8-29-62 

8-29-62 

8-29-62 

8-29-62 

8-31-62 

9-4-62 

9-4-62 

9-5-62 

9-5-62 

9-5-62 

9-5-62 

9-6-62 

9-6-62 

9-6-62 

9-7-62 

- WORKMANSBIP 

4 

1 

3 

2 

3 

1 

5 

5 

1 

4 

4 

4 

1 

1 

1 

3 

6 

2 

3 

31 

31 

4 

3 

OK A S - I S  

1 

4 

3 

3 

1 

3 

2 

2 

1 

1 

4 

1 

2 

3 

3 

1 

1 

1 

3 

3 

2 

3 

2 3  

19 

3 
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JRAWXNQ NQ. SERIAL NQ. QATE W" SHLP DESIGN- 9K AS-$% REWORK piMR 

- 8056 64P FP-11 9 -7 -62 3 2 1 

806089C FP- 13 9 - 8-62 5 1 4 - - 

TOTAL 341 32 21 1 146 22  

P E R C m  OF TOTAL 92 8 5 5  39 6 
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